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PROTECTION GAS CONTROL METHOD 
FOR NON-SEALED PROCESS CHAMBER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to a protection gas 

control method and a protection gas control apparatus for a 
non-sealed process chamber and, more particularly, to a pro 
tection gas control method and a protection gas control appa 
ratus using a gas Supply device used for controlling a non 
sealed process chamber to prolong the lifetime of the molds 
and improve the manufacturingyield with lowered protection 
gas consumption and lowered operation cost. 

2. Description of the Prior Art 
The chamber for some high-temperature molding appara 

tuses Such as glass molding processing apparatuses provides 
a plurality of holes to dispose cooling pipelines, electrical 
pipelines, cylinders and sensors for operations on an open 
conveyor belt. The chamber is non-sealed and the protection 
gas therein may leak. Therefore, the protection gas has to be 
Supplied at anytime; otherwise, the molds and the manufac 
tured products may be oxidized to shorten the lifetime of the 
molds and lower the manufacturing yield when the protection 
gas concentration is too low (relative to the protection gas 
concentration in the air). On the contrary, if the protection gas 
is over-supplied, the manufacturing cost is increased due to 
protection gas leakage even though the molds and the manu 
factured products can be prevented from being oxidized. 

Therefore, there is need in providing a protection gas con 
trol method and a protection gas control apparatus for a non 
sealed process chamber. 

SUMMARY OF THE INVENTION 

The present invention provides a protection gas control 
method and a protection gas control apparatus for a non 
sealed process chamber using a gas Supply device used for 
controlling a non-sealed process chamber to prolong the life 
time of the molds and improve the manufacturing yield with 
lowered protection gas consumption and lowered operation 
COSt. 

The present invention provides a protection gas control 
method for a non-sealed process chamber, comprising steps 
of: 

(A) activating a protection gas control apparatus while 
coupling a protection gas to a plurality of throttle valves; 

(B) defining an opening time for each of the throttle valves; 
(C) setting up a first target value and a second target value 

related to the oxygen concentration in the non-sealed process 
chamber; 

(D) heating up the non-sealed process chamber, 
(E) determining whether a processing apparatus is in 

operation and performing step (F) if the processing apparatus 
is in operation, and otherwise performing step (M); 

(F) determining whether an inlet/outlet for the non-sealed 
process chamber is opened and performing step (G) if the 
inlet/outlet for the non-sealed process chamber is opened, and 
otherwise performing step (H): 

(G) opening all the throttle valves for a pre-determined 
period of time and performing step (E); 

(H) closing at least one of the throttle valves; 
(I) determining whether the oxygen concentration in the 

non-sealed process chamber is Smaller than or equal to the 
first target value, and performing step (J) if the oxygen con 
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2 
centration in the non-sealed process chamber is Smaller than 
or equal to the first target value, and otherwise performing 
step (E); 

(J) determining whether the oxygen concentration in the 
non-sealed process chamber is Smaller than or equal to the 
second target value, and performing step (K) if the oxygen 
concentration in the non-sealed process chamber is Smaller 
than or equal to the second target value, and otherwise per 
forming step (L); 

(K) closing at least one of the throttle valves and perform 
ing step (E); 

(L) keeping the number of throttle valves that are opened 
and performing step (E); and 
(M) stopping Supplying the protection gas when the tem 

perature of the non-sealed process chamber is lower than a 
pre-determined temperature. 
The present invention further provides a protection gas 

control apparatus for a non-sealed process chamber, compris 
ing: 

a protection gas Supply device, comprising a plurality of 
throttle valves capable of controlling the flow of a protection 
gaS 

a plurality of solenoid valves capable of controlling on/off 
operations of the throttle valves; 

an oxygen sensor capable of detecting and outputting the 
oxygen concentration in the non-sealed process chamber; and 

a control circuit capable of receiving an output value from 
the oxygen sensor So as to control on/off operations of the 
Solenoid valves using the output value processed by the con 
trol circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, spirits and advantages of the preferred 
embodiment of the present invention will be readily under 
stood by the accompanying drawings and detailed descrip 
tions, wherein: 

FIG. 1 is a functional block diagram of a protection gas 
control apparatus for a non-sealed process chamber accord 
ing to the present invention; 

FIG. 2 is a flowchart of a protection gas control method for 
a non-sealed process chamber according to the present inven 
tion; and 

FIG. 3 is a graph showing the oxygen concentration in a 
non-sealed process chamber according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention can be exemplified but not limited by 
the preferred embodiment as described hereinafter. 

Please refer to FIG. 1, which is a functional block diagram 
of a protection gas control apparatus for a non-sealed process 
chamber according to the present invention. The protection 
gas control apparatus comprises: a protection gas Supply 
device 1, a plurality of Solenoid valves, an oxygen (O) sensor 
5 and a control circuit 6. The protection gas supply device 1 
can be a nitrogen cylinder or a nitrogen generator, which 
comprises a plurality of throttle valves capable of controlling 
the flow of a protection gas. The protection gas is nitrogen. 
The plurality of solenoid valves are capable of controlling 
on/off operations of the throttle valves. In the present embodi 
ment, three solenoid valves are provided. More particularly, 
the first solenoid valve 31, the second solenoid valve 32 and 
the third solenoid valve 33 are used to control three throttle 
valves, namely, the second throttle valve 22, the third throttle 
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valve 23 and the fourth throttle valve 24. Moreover, the first 
throttle valve 21 is not controlled by any solenoid valve. In 
other words, the first throttle valve 21 is normally open to 
provide the chamber 4 with protection gas at anytime with a 
minimum flow. If a maximum flow of the protection gas is 
required, only three solenoid valves (the first solenoid valve 
31, the second solenoid valve 32 and the third solenoid valve 
33) are simultaneously opened. Meanwhile, four throttle 
valves (the first throttle valve 21, the second throttle valve 22, 
the third throttle valve 23 and the fourth throttle valve 24) are 
opened to achieve a maximum flow. Other flow amounts 
(from the minimum flow to the maximum flow) can be deter 
mined according to the number of Solenoid valves remained 
open. The oxygen sensor 5 is capable of detecting and out 
putting the oxygen concentration in the non-sealed process 
chamber. The control circuit 6 is capable of receiving an 
output value from the oxygen sensor 5 so as to control on/off 
operations of the Solenoid valves using the output value pro 
cessed by the control circuit. 

In the present invention, the chamber 4 comprises an inlet 
41 and an outlet 42. The on/off operations of the inlet 41 and 
the outlet 42 correspond to the operations on an open con 
veyor belt. The inlet 41 and the outlet 42 are turned on/off 
simultaneously so that the un-molded half-finished products 
can be delivered into the chamber 4 and the molded products 
can be delivered from the chamber 4. 

Please refer to FIG. 2, which is a flowchart of a protection 
gas control method for a non-sealed process chamber accord 
ing to the present invention. The protection gas control 
method comprises steps described hereinafter: 

In Step (71), a protection gas control apparatus is activated 
while a protection gas is coupled to a plurality of throttle 
valves. In the present embodiment, the protection gas is nitro 
gen. 

In Step (72), an opening time for each of the throttle valves 
is defined. The plurality of throttle valves are turned on/off 
corresponding to a plurality of Solenoid valves controlled by 
a controller. 

In Step (73), a first target value and a second target value 
related to the oxygen concentration in the non-sealed process 
chamber are set up. The second target value is Smaller than the 
first target value. 

In Step (74), the non-sealed process chamber is heated up. 
In Step (75), whether a processing apparatus is in operation 

is determined. In the present embodiment, the processing 
apparatus is a high-temperature molding apparatus. Step (76) 
is then performed if the processing apparatus is in operation, 
and otherwise, Step (83) is performed. 

In Step (76), whether an inlet/outlet for the non-sealed 
process chamber is opened is determined. Step (77) is per 
formed if the inlet/outlet for the non-sealed process chamber 
is opened, and otherwise, Step (78) is performed. 

In Step (77), all the throttle valves are opened for a pre 
determined period of time and Step (75) is performed. 

In Step (78), at least one of the throttle valves is closed. 
In Step (79), whether the oxygen concentration in the non 

sealed process chamber is Smaller than or equal to the first 
target value is determined. Step (80) is performed if the oxy 
gen concentration in the non-sealed process chamber is 
Smaller than or equal to the first target value, and otherwise, 
Step (75) is performed. 

In Step (80), whether the oxygen concentration in the non 
sealed process chamber is Smaller than or equal to the second 
target value is determined. Step (81) is performed if the oxy 
gen concentration in the non-sealed process chamber is 
Smaller than or equal to the second target value, and other 
wise, Step (82) is performed. 
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4 
In Step (81), at least one of the throttle valves is closed and 

Step (75) is performed. 
In Step (82), the number of throttle valves that are opened 

is kept and Step (75) is performed. 
In Step (83), the supply of the protection gas is stopped 

when the temperature of the non-sealed process chamber is 
lower than a pre-determined temperature. The pre-deter 
mined temperature is 80°C. 

Please refer to FIG.3, which is a graph showing the oxygen 
concentration in a non-sealed process chamber according to 
the present invention. The longitudinal coordinate (Y-axis) 
represents the oxygen concentration in the non-sealed pro 
cess chamber, and the transversal coordinate (X-axis) repre 
sents the operation time. In FIG. 3, the chamber oxygen 
concentration changes periodically. In a certain cycle, before 
the throttle valves are opened, the oxygen concentration in the 
chamber reaches a pre-determined high concentration 
because the inlet and the outlet are turned on/off simulta 
neously so that the external gas flows in the chamber. Mean 
while, all the throttle valves have to be opened so that the 
oxygen concentration drops sharply. After a very short period 
of time, the oxygen sensor detects the fall of the oxygen 
concentration to turn off the throttle valves one by one to 
lower the protection gas (nitrogen) consumption. In this man 
ner, the manufacturing costis reduced since the protection gas 
is no longer over Supplied as compared to the prior art. 
From FIG. 1 to FIG. 3, a feedback signal generated by the 

oxygen sensor after the oxygen concentration in the chamber 
is detected is received and processed by the control circuit so 
as to control the Supply of the protection gas by controlling 
the on/off operations of the solenoid valves and throttle 
valves. In the present embodiment, the protection gas is nitro 
gen (N). Those with ordinary skills in the art can use other 
inactive gas for implementation to achieve the same function 
within the scope of the present invention. In this manner, a 
pre-determined low value can be achieved by reducing the 
oxygen concentration in the chamber by mixing the protec 
tion gas and the internal gas inside the chamber. 

Accordingly, the present invention discloses a protection 
gas control method and a protection gas control apparatus for 
a non-sealed process chamber using a gas Supply device used 
for controlling a non-sealed process chamber to prolong the 
lifetime of the molds and improve the manufacturing yield 
with lowered protection gas consumption and lowered opera 
tion cost. Therefore, the present invention is useful, novel and 
non-obvious. 

Although this invention has been disclosed and illustrated 
with reference to particular embodiments, the principles 
involved are susceptible for use in numerous other embodi 
ments that will be apparent to persons skilled in the art. This 
invention is, therefore, to be limited only as indicated by the 
Scope of the appended claims. 
What is claimed is: 
1. A protection gas control method for a non-sealed process 

chamber, comprising steps of 
(A) activating a protection gas control apparatus while 

coupling a protection gas to a plurality of throttle valves; 
(B) defining an opening time for each of the throttle valves: 
(C) setting up a first target value and a second target value 

related to the oxygen concentration in the non-sealed 
process chamber, 

(D) heating up the non-sealed process chamber; 
(E) determining whether a processing apparatus is in 

operation and performing step (F) if the processing 
apparatus is in operation, and otherwise performing step 
(M); 
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(F) determining whether an inlet/outlet for the non-sealed 
process chamber is opened and performing step (G) if 
the inlet/outlet for the non-sealed process chamber is 
opened, and otherwise performing step (H): 

(G) opening all the throttle valves for a pre-determined 
period of time and performing step (E); 

(H) closing at least one of the throttle valves; 
(I) determining whether the oxygen concentration in the 

non-sealed process chamber is Smaller than or equal to 
the first target value, and performing step (J) if the oxy 
gen concentration in the non-sealed process chamber is 
Smaller than or equal to the first target value, and other 
wise performing step (E); 

(J) determining whether the oxygen concentration in the 
non-sealed process chamber is Smaller than or equal to 
the second target value, and performing step (K) if the 
oxygen concentration in the non-sealed process cham 
ber is Smaller than or equal to the second target value, 
and otherwise performing step (L); 

(K) closing at least one of the throttle valves and perform 
ing step (E); 
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(L) keeping the number of throttle valves that are opened 

and performing step (E); and 
(M) stopping Supplying the protection gas when the tem 

perature of the non-sealed process chamber is lower than 
a pre-determined temperature. 

2. The protection gas control method for a non-sealed 
process chamber as recited in claim 1, wherein the protection 
gas is nitrogen. 

3. The protection gas control method for a non-sealed 
process chamber as recited in claim 1, wherein the pre-deter 
mined temperature is 80°C. 

4. The protection gas control method for a non-sealed 
process chamber as recited in claim 1, wherein the second 
target value is Smaller than the first target value. 

5. The protection gas control method for a non-sealed 
process chamber as recited in claim 1, wherein the processing 
apparatus is a high-temperature molding apparatus. 

6. The protection gas control method for a non-sealed 
process chamber as recited in claim 1, wherein the plurality of 
throttle valves are turned on/off corresponding to a plurality 
of solenoid valves controlled by a controller. 
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